The objective of this study was to evaluate the effect of different irrigation levels on flowering, fruit set, carbohydrate and protein content and gas exchange, of apple varietiesin the Brazilian semiarid region. The experimental design was a randomized block with split plots with five replications and four plot irrigation levels (60, 80, 100, and 120% of the reference evapotranspiration (ETo)) and the subplots with two cultivars (Juliet and Princess). As a result, it was found that the number of flowers (NFL), fruits (NFR), shoot percentage (SP) and fruit set (FS) were higher in cv. Juliet. The number of buds (NB) and the fertility index (FI) were higher in cv. Princess. With regard to metabolites, reducing sugar content (RS) had no significant effect among cultivars. The non-reducing sugar content (NRS), total soluble sugar (TSS) and total soluble proteins (TSP) were higher in cv. Princess. As for irrigation depths, TSP, sprouting, flowering and fruit set increased along with the amount of water applied, while the RS, NRS and TSS contents had the opposite behavior.
Introduction
The apple tree (Malus domestica Borkh) is a crop with great socio-economic importance throughout the world, and in Brazil it is one of the principal temperate fruit trees grown, with 98% of national production located in the southern region (IBGE, 2014) . However, fruit farming is expanding to non-traditional areas for temperate climate fruit crops (Lopes et al., 2013a; Miranda et al. 2015a and 2015b) .
According to Iuchi (2006) to obtain satisfactory sprouting and flowering of apple trees in regions of low cold incidence, the use of cultivars with low chill hour requirements is required. According to Lopes et al. (2013b) the apple cultivars 'Princess' and 'Juliet' have, respectively, chill hour requirements of approximately 350 to 450 and 300 to 450 for breaking natural dormancy. These varieties have shown good results in the state of Ceara, both in the floral differentiation, and in flowering, fruiting and fruit quality .
The flowering, pollination and fruit set are the most critical phenological phases of apple (Cardoso, 2011) , since yield components are determined in these periods. Prado et al. (2007) observed that water management affects the flowering, growth and the formation of reserves in fruit trees. Peixoto et al. (2006) state that the study of plant water relationships and interactions caused by water deficit on physiological processes are of fundamental importance to obtain a good irrigated crop, especially in semi-arid regions. Garcia-Tejero et al. (2011) observed that in fruit trees grown in a semi-arid Mediterranean climate the application of sustained-deficit irrigation offers promising possibilities for crop irrigation optimization and increased water productivity in the orchard.
Furthermore, Ribeiro et al. (2013) report that the plants under water deficit present alterations, such as reductions in transpiration, stomatal conductance, photosynthesis, carbon metabolism enzyme activity modification and changes in antioxidant levels. However, the carbohydrates accumulated in plant roots, branches and leaves make up an important source of carbohydrates during flowering and in early stages flower and fruit formation and development (Cruz et al., 2007) .
Thus, in view of the apple cultivation potential in the semiarid and the sacrcity of information to aid efficient crop irrigation management in the region, this study aimed to evaluate the effect of different irrigation levels on flowering, fruit set, carbohydrate and protein content and gas exchange of apple trees (Julieta and Princess cultivars) under the conditions of the Brazilian semiarid region.
Material and Methods
The experiment was conducted in an We evaluated the leaf content of reducing sugars, quantified by the dinitrosalicylic acid (DNS) colorimetric method -DNS, which quantifies glucose, fructose and mannose in plant tissues (Miller, 1959) ; total soluble sugars, according to the methodology described by Yemm & Willis (1954) ; and proteins following the method described by Bradford (1976) using bovine serum albumin as the standard protein (BSA, Sigma, USA). Having the reducing sugars and total soluble sugars data we estimated the non-reducing sugar content.
Data were submitted to analysis of variance, comparison of means by the Tukey test at 5% probability and when significant to the irrigation levels, regression analysis to a 5% probability level, using the Sisvar statistical program.
Results and Discussion
According to the results there was no significant effect of the irrigation level/ cultivar interaction that can be observed in Table 1 .
However, in this study, we observed an isolated effect of irrigation levels. Based on regression analysis for variables (Tf), (PAR), (A), (E) and (g s ), the linear model was the best fit, the other variables did not show an adjustable model. fact probably occurred because of the higher water availability due to increased moisture in soil surrounding the root system (Kobayashi et al., 2008) . Means followed by the same letters do not differ by the F test at 5% probability. One hypothesis that could explain the fact that the gas exchange in apple was not influenced by different irrigation levels imposed during the evaluation date, would be the fact that there was 6.0 mm of rain three days before sampling, a fact that may have influenced the water availability for the plant between treatments, inspite of having evapotranspiration of 20.1 mm in this period. Another fact is that the momentary gas exchange measurements may not reflect the true plant physiological behavior under stress condition throughout the day and therefore they need to be assessed with some caution (Silva et al., 2013) .
In this context Taiz & Zeiger (2013) , report that along the natural course of the day there is an unbalance between the water absorbed by the root system and that transpirated through the leaves, regardless of the water supply condition, depending on the oscillation of the atmospheric evaporative demand throughout the day. Thus, it is possible that at any time of day significant differences can be detected among irrigation deficit treatments, since the readings were taken only during the morning (Silva et al., 2013) and evapotranspiration demand at this time in the study area is quite high.
Another hypothesis that probably contributed to the variables correlated with the photosynthetic activity not presenting significant alterations may have been the fact that during the evaluation period the apple trees were using the reserves accumulated in the vegetative stage for the initial development of the reproductive organs. This could be beacuse the initial development of apple leaf area is due to carbon stocks and nutrients stored in the plant during previous cycles (Iuchi, 2006) . Means followed by the same letters do not differ by the F test at 5% probability. Alizadeh et al. (2011) Thus, the increase in leaf carbohydrate levels observed in this study may be due to the mobilization of the reserves from the roots to the crown. These reserves were used in the initial growth of reproductive organs, since soon (Prado et al., 2007 ) .
As for foliar TSP there was a significant difference between the apple tree cultivars under different water regimes. According to Kala & Godora (2011) , the protein content may decrease the action of proteases or proteolysis, due to the water availability reduction.
Furthermore, the consumption or production of proteins is related to gene expression of each species, a factor crucial to stress recovery in a manner less costly to plant growth maintenance and development (Santos et al., 2013) .
The RS, NRS, TSS and TSP variables also showed significant effects regarding the irrigation levels applied and according to regression analysis, the linear model was the best fit ( Figure   4 ). Plants under different irrigation levels showed a gradual increase in the RS ( Figure   4A ), NRS ( Figure 4B ) and TSS ( Figure 4C ) leaf concentrations as irrigation levels reduced.
Alterations in carbohydrate levels were also detected in apple trees when they were exposed to irrigation levels with less water availability (Šircelj et al., 2007 (Šircelj et al., , Sivaci, 2006 .
According to Costa et al. (2008) , water deficiency is characterized by the loss of water which exceeds the absorption rate and thus acts directly on plant water relationships.
Com. Sci., Bom Jesus, v.8, n.1, p.99-108, Jan./Mar. 2017
Plant damage depends on the intensity and exposure period, subsequently, promoting cell alterations and changes in molecular pathways.
Accumulation of organic solutes such as carbohydrates and proline is also reported.
According to Oliveira et al. (2013a) reducing sugars, such as glucose, are usually used by plants to carry out their metabolic functions, as well as for formation and emission of vegetative and flowering shoots.
Furthermore, a progressive increase in the total amount of soluble carbohydrates, such as sorbitol, sucrose and starch in the cells, improves plant resistance, this effect is characterized as crop adaptation to drought and has been studied in several cultivars (Fioreze et al. 2011 ).
For foliar TSP levels, a linear reduction was observed where the 120% ETo level presented around 112 mg g -1 , falling to 85 mg g -1 in the level with 60% ETo ( Figure 4D ).
The soluble protein reduction presented by plants under water stress was probably due to increased proteases enzymatic activity, since this enzyme promotes the breakdown of proteins and therefore decreases the protein presented in the plant under abiotic stress conditions (Taiz & Zeiger , 2013) . found high potential in it regarding apple production in the semiarid climate.
The variable, fruit set, presented interaction between irrigation levels and cultivars.
The variables NFL, NFR and shoot percentage (SP) showed significant effects for irrigation levels ( Figure 6 ). According to the regression analysis, the linear model was the best fit, with the highest irrigation depth (120% ETo) providing, statistically, better response when compared to other treatments.
The number of flowers ( Figure 6A ) and the number of fruits ( Figure 6C ) progressively increased with increased irrigation, thus demonstrating the direct influence of irrigation on the relationship between issued flowers produced and fruits produced.
In both cultivars evaluated, we observed that for the ratio between the fruit number and the number of flowers per branch ( Figure 6B ), the treatment whith greater water level (120% ETo) showed a better response, resulting in greater fruiting efficiency of apple trees, cv.
Juliet being statistically superior. The least fruit set observed can be explained by the lower shoot percentage observed in cv. Princess ( Figure 5B) and in the level with 60% ETo (Figure 6D ), where the conditions were not sufficient to promote good sprouting. 
Conclusions
Reducing irrigation during flowering increased carbohydrate content in apple leaves
The apple varieties Juliet and Princess increase sprouting, flowering and fruit set with increasing irrigation levels.
The cv. Juliet provided a good fruit yield, one better than cv. Princess.
